The incidence of and possible factors influencing ECG abnormalities were analysed in one patient group with subarachnoid haemorrhages (n = 406) and another with intracranial tumours (n = 400). The highest incidence of each ECG abnormality was always found in the patients with subarachnoid haemorrhages. In this group an ECG pattern, possibly attributable to the cerebral disease and comprising abnormalities of the T and U waves and prolongation of the Q-Tr interval, was frequently identified.
ated on in the Neurosurgical Department of the Karolinska Hospital between 1975 and 1983. There were two groups, one with SAH (n = 406) and another with intracranial tumours (TUM) (n = 400). SAH was diagnosed by lumbar puncture and/or computed tomography and the source of bleeding was verified by angiography. Intracranial tumours were diagnosed by computed tomography (table 1) .
A data-collection form was designed for recording the patient's diagnosis, history of previous diseases, drug therapy, laboratory investigations and ECG findings. All data were stored in a data bank for computerized processing. Clinical data from the two patient groups are presented in table 2 . The mean age for the SAH group (49 + 13 years) was significantly lower than for the TUM group (55 + 12 years). The number of patients in the age category of 20-39 years was significantly larger in the SAH group, while the TUM group predominated in the age category of > 60 years. The sex distribution was similar in the two groups. The incidence of cardiovascular disease was the same in the groups except for hypertension, which was more common in the SAH group. There was no significant difference with regard to drugs with cardiovascular effects. Identical numbers of patients (n = 95) in both groups had manifest or suspected papilloedema.
A standard 12-lead ECG was recorded at rest in all patients preoperatively. All ECGs were interpreted by one of us (SK) without identification of the diagnosis. The ECG was classified and coded according to the Minnesota Code.2021 This code system was slightly modified by adding a few complementary codes to make possible a more detailed description of the T and U wave abnormalities (fig 1) . The Q-T interval was measured routinely and corrected for heart rate (Q-Tj).22 A prolongation of the Q-T interval was defined as Q-T, > 0-44 s.
In an attempt to eliminate, as far as possible, influences on the ECG other than the intracranial disorder, a subgroup within each of the two complete patient groups was gener- Digitalis  9  2-2  15  3 8  Diuretics  31  7-6  41  10  #-blockers   27  6-7  13  3 3   Other antihypertensives  20  49  24  6   Manifest or suspected  papilloedema  95  23  95  24   0   0 those treated with digitalis, diuretics, beta-blockers or other antihypertensive drugs. The excluded patients with the above mentioned disorders and drugs are referred to as group SAHdis (n = 241, 59%) and group TUMdis (n = 202, 50%). The mean age of the patients in group TUMo (52 + 13 years) was still higher than that of those in group SAHo (46 + 13 years), and the sex distribution within these groups remained unchanged. The incidences of identical variables in the different patient groups were analysed statistically using two-timestwo tables and the chi-square test with Yates' correction. Significant differences between groups p < 0-001 p < 0-01
Significant differences of incidence of ECG abnormalities in these groups, compared with those of the remaining patients in the SAH group and the TUM group, are indicated as: * = p < 0-01. 1378 Rudehill, Olsson, Sundqvist, Gordon group.bmj.com on June 25, 2017 -Published by http://jnnp.bmj.com/ Downloaded from ECG abnormalities in patients with subarachnoid haemorrhage and intracranial tumours Each subgroup is compared with respect to the grouping of ECG items in the table with the remaining patients in the SAH group. Significant differences are indicated as: * = p < 0 01 and t = p < 0-001.
respectively. Other investigators with considerably smaller numbers of patients with SAH have reported incidences of 60-100%.9 17 In the present study, the observed higher incidence of ECG abnormalities in the SAH group than in the TUM group is in accordance with the findings of Hersch.8 Galloon et al,12 on the other hand, found a 62% incidence for SAH patients (n = 37) and 68% for patients with spaceoccupying lesions (n = 23), but these figures were obtained after daily ECG tracings during hospitalisation and no other data about the series were reported. When the SAH group and group SAHo were compared with corresponding tumour groups and a significant difference was found in the occurrence of a particular ECG abnormality, the higher incidence was always present in the SAH group. Moreover, the mean age of the tumour groups was higher, with a considerable number of patients over 60. It should be noted than when patients with other possible factors than the cerebral disorder influencing the ECG were excluded, the incidence of normal ECGs was found to be unchanged. T and U wave, Q-T interval In conformity with previous reports on SAH patients,6 11 17 most ECG abnormalities observed in the present study were disorders of the repolarisation process. The same total incidence of T-wave abnormalities was found both in the SAH group and group SAHo, whereas in the corresponding tumour groups the incidence was lower in group TUMo than in the TUM group, implying influences of other factors on the T wave than the intracranial disorder in this group. However, when patients with specific T-wave changes within the groups were compared only a slightly variable pattern of differences was observed.
Obviously, this may be explained, to some extent, by the small number of patients in these subgroups. The most frequent ECG abnormality in the SAH group was a U wave with an amplitude of more than 1 mm (47%). In group SAHo 45% of the patients had an abnormal U wave. In the tumour groups only about 10% had an abnormal U wave.
The Q-T interval is, in the absence of conduction disturbances, an indirect measure of the duration of cardiac repolarisation. Prolongation of this interval is frequently reported in patients with SAH.6 1114 24 The prdlongation may be due to a disturbed regional myocardial sympathetic activity,25 26 which may be part of a general disorder of the sympathetic nervous activity following SAH. 27 In the present study the Q-T, interval was longer in the SAH groups than in the tumour groups and the number of patients with an abnormally prolonged Q-T, was also considerably larger in the SAH groups. The incidence of Q-T, interval prolongation was lower, however, in subgroup SAHo than in the SAH group. This could be explained by the known influences on the Q-T interval of disturbances of serum potassium and calcium as well as cardiovascular disease among the patients in the complete SAH group. 28 29 S-T segment depression is another ECG change often reported in SAH patients.6 11 14 It was observed in 15% of the patients in the SAH group and in 13% in the TUM group. Significantly lower incidences were found in group SAHo, indicating that this ECG abnormality is probably due to extracranial factors.
Arrhythmias
A comparatively high incidence of arrhythmias including infrequent premature, atrial, nodal or ventricular beats and sinus arrhythmias were found in the SAH group, while other arrhythmias were rare in all groups. Goldstein17 has also reported a significantly higher incidence of sinus arrhythmia in SAH patients than in patients with stroke. A prolongation of the Q-T interval has been suggested to be associated with an increased susceptibility to cardiac arrhythmias. 28 Ventricular fibrillation has been reported in SAH patients with Q-T interval prolongation.3032 However, when comparing incidences of arrhythmias between different reports, the ECG recording method is crucial. For a valid estimation a long and specified duration of ECG monitoring is indispensable. Electrolytes Early on electrolyte disturbances, particularly hypopotassaemia, were postulated to be the cause of the ECG abnormalities seen in SAH patients8 but later reports did not confirm such a relationship.'0 I1 Cruickshank etal27 found normal serum potassium in their patients with SAH, but when the total body potassium was examined, nearly all of the patients with abnormal ECGs had low levels, which returned to normal a few months later. In the present report high incidences of hypopotassaemia and hypocalcaemia were observed in the SAH patients, significantly higher than in the tumour group. Hypopotassaemia may cause a depression of the S-T segment, a decrease in the T-wave amplitude and an increase in the U-wave amplitude, as well as a tendency to precipitate arrhythmias. The Q-T interval may be difficult to measure because of U on T interaction.33 Hypocalcaemia may increase the duration of the Q-T interval.33 All these ECG abnormalities, with the exception of S-T segment depression, are similar to those appearing in association with cerebral disorders, particularly SAH. However, when patients with electrolyte imbalances as well as other factors with a possible impact on the ECG were excluded from the SAH and TUM groups no significant differences were observed in any of the groups with respect to the above-mentioned ECG abnormalities typical of cerebral disorders, except for the incidence of Q-T, interval prolongation in the SAH group and group SAHo and for T-wave abnormalities in the TUM group and group TUMo. This implies that the majority of these ECG abnormalities were probably due to the cerebral disorder, particularly in the SAH patients, rather than to other factors. It 42 Our major finding was an increased number of patients with Q-Tc interval prolongation and bleedings in the posterior fossa. Thus, from these various observations, it has not been possible to establish a clear correlation between the location of the intracranial disorder and a specific ECG abnormality. Time factor: SAH There have been few reports that take account of the number of days between bleeding and ECG recording. Generally, the ECG abnormalities are most marked immediately after the bleeding.7 8 The present study revealed a significantly higher incidence of normal ECGs after 13 days although the number of ECG tracings in this group was rather small. A large number of ECGs with Q-T interval prolongation and Uwave abnormalities were observed on the first day.
This seems inconsistent with our previous study,24
where Q-T interval prolongation was most pronounced on the 8th to 9th day after haemorrhage. However, in that study serial ECGs were followed for each patient and it was also shown that there was a relationship between Q-T interval prolongation and degree of impaired consciousness, which was not taken into consideration in the present study. These circumstances invalidate a direct comparison between the results of the two studies. Conclusion On comparing two large patient groups scheduled for neurosurgery, one with SAH and the other with intracranial tumours, the incidence of ECG abnormalities was significantly higher in the SAH group. ICP elevation, assessed as papilloedema, seems to be of ECG abnormalities in patients with subarachnoid haemc secondary importance for the appearance of the ECG abnormalities. A specific ECG abnormality correlated with a localised intracranial pathological change could not be established. Hypopotassaemia and hypocalcaemia were much more common in the SAH group, but when patients with such disorders and other non-cerebral factors with possible influences on the ECG were excluded, the incidences of ECG abnormalities were nearly the same, particularly those of the U and T waves in patients with SAH. There was still a high incidence of Q-T, interval prolongation in this patient group. These facts support a central nervous system origin of these ECG abnormalities. Further studies are required to clarify more precisely the causal connection between these abnormalities and the intracranial lesion.
